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We study Higgs inflation in the context of generalized G- inflation, i.e., the most general single- 
fleld inflation model with second-order fleld equations. The four variants of Higgs inflation proposed 
so far in the literature can be accommodated at one time in our framework. We also propose yet 
another class of Higgs inflation, the running Einstein inflation model, that can naturally arise from 
the generalized G-inflation framework. As a result, five Higgs inflation models in all should be 
discussed on an equal footing. Concise formulas for primordial fluctuations in these generalized 
Higgs inflation models are provided, which will be helpful to determine which model is favored from 
the future experiments and observations such as the Large Hadron Collider and the Planck satellite. 
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I. INTRODUCTION 



The Higgs particle is the only undiscovered ingredi- 
ent of the standard model (SM) of particle physics; it 
plays the fundamental role of accounting for the origin of 
the masses of all the known massive particles. Though 
some signals have been hinted at in the LHC experiments 
recently [l|, Q j we awaited its final discovery. The discov- 
ery of the Higgs particle would have profound implica- 
tions not only in particle physics but also in cosmology, 
since all of the inflation models rely on the existence of 
a scalar field, the inflaton, driven either by its potential 
energy [3, |j| or kinetic energy 0, Q. Note that even 
higher-curvature theories of inflation without any scalar 
field [T], |8| may be conformally transformed to Einstein 
gravity with a scalar field driving inflation. 

There may even be a direct connection between the 
Higgs field and cosmic inflation, namely, the possibility 
that the Higgs field itself acts as the inflaton. In or- 
der to suppress the amplitude of the curvature pertur- 
bation from the inflaton's quantum fluctuations |9|, its 
self-coupling A must be smaller than ^ 10"^'^ [101, which 
is not the case in the SM Higgs fleld. Hence, some exten- 
sion is necessary in either gravitational or kinetic sectors 
of the theory. 
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So far, four variants of Higgs inflation have been pro- 
posed in this direction.^ The flrst one is to introduce 
a large and negative nonminimal coup ling between the 
scalar fleld and the scalar curvature |12l4l4| . In this 
model, the Planck scale takes effectively a much larger 
value during inflation than it is today to suppress the 
amplitude of curvature perturbations. 

The second is the new Higgs inflation model fla whose 
kinetic term is coupled to the Einstein tensor [la]. This 
coupling changes the normalization of the field during 
inflation, which suppresses quantum fluctuations. The 
third one is running kinetic inflation jl7| , in which a non- 
standard kinetic term simply changes the normalization 
of the inflaton in some domain of the field space, leading 
essentially to the same effect as in the previous exam- 
ple. Finally, the fourth model is Higgs G-inflation J18l |. 
where the lowest nontrivial-order Galileon-like interac- 
tion [l^ [20] is incorporated into the original action. 
Although this model contains higher-derivative interac- 
tions, the field equations remain of second order and the 
newly introduced term acts as an extra friction, which 
effectively smoothens the potential to suppress curvature 
fiuctuations down to the observed value. 

In fact, each of the above four models falls into a sub- 
class of generalized G-inflation [21|, which is the most 
general single-field inflation model having second-order 
gravitational and scalar-fleld equations. Hence, a unified 
treatment of apparently different Higgs inflation models 



^ Inflationary models in which the Higgs field in supersymmet- 
ric standard models is identified as the inflaton are discussed in 
Ref. [H. 



is possible in the context of generalized G-inflation. As 
a by-product of this fact, we propose yet another class of 
successful Higgs inflation. 

In this paper, we first clarify why five different Higgs 
inflation models exist in the context of generalized G- 
inflation. Then, we discuss their dynamics and primor- 
dial fluctuations in a unified way. In particular, the 
formulas of primordial fluctuations in these generalized 
Higgs inflation models are given in terms of the slow- 
roll parameters and field-dependent functions in the La- 
grangian, which will be helpful to single out the model 
favored by the future experimental and observational 
data from the LHC experiment and the Planck satel- 
lite, etc. Note, however, that in the context of general- 
ized G-inflation, one may well find the best-fit model in 
some combinations of two or more models among the five 
mentioned above. Indeed, the strength of the generalized 
G-inflation is that, in performing the parameter search 
using the Markov chain Monte Carlo (MCMC) method, 
all the variants of Higgs inflation models can be analyzed 
simultaneously and seamlessly unlike in [22| . 

The purpose of the present paper is therefore to clar- 
ify first how the previously known four Higgs inflation 
models are realized as part of the generalized G-infiation 
model and then propose the fifth model in the same 
context together with the formulas for curvature per- 
turbations and tensor perturbations, as well as the non- 
Gaussianity of the former, which turns out to be small, 
in a unified manner. Note that our framework is not con- 
fined only to inflation driven by the SM Higgs field but 
is applicable to more general potential-driven single-field 
inflation models, too. 

The rest of the paper is organized as follows. In Sec. 
II, we introduce variants of Higgs inflation models in the 
context of generalized G-inflation. In Sec. HI evolution 
of the homogeneous background and conditions for in- 
flation are summarized. Then we calculate spectra of 
perturbations in Sec. IV in a unified manner. Finally, 
Sec. V is devoted to a discussion and conclusions. 



II. HIGGS INFLATION MODELS AS 
VARIANTS OF GENERALIZED G-INFLATION 



The tree-level SM Higgs Lagrangian is 



So 
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(1) 

where Mpi is the reduced Planck mass, Df^ is the covari- 
ant derivative with respect to the SM gauge symmetry, 
Ji is the SM Higgs boson, v is its vacuum expectation 
value, and A is the self-coupling constant. Taking the 
gauge *'H = (0, u + (j))/^/2, with cj) being a real scalar field 
and assuming (j)^ v, the action is simplified to 



5o = 



M, 



pi?-i(9,0f-^04 



(2) 



which is nothing but the action for original chaotic infla- 
tion 01 . 

This model cannot serve as a viable inflation model 
as it stands. Since the self-coupling is related with the 
Higgs mass tuh as 



ruH 



2Xv, V = 246 GcV, 



(3) 



at the tree level, A cannot take a tiny value to give the 
correct amplitude for density fluctuations with the value 
indicated by the LEP colhder niH > 114.4 GeV at the 
95% CL m. 

As mentioned in the Introduction, four remedies have 
been proposed so far, all of which can be unified as a 
subclass of the generalized G-inflation [2l[ whose action 
is given by 



J2 fd'^V^C. 
i=2 •' 



(4) 



where 



£2 = i^(0,x). 
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where R is the Ricci tensor, G^^ is the Einstein tensor, 
X = -(l/2)g'''^V^</.V,0, (V^V,0)2 = V^V,<^V'^V''</>, 
(V^V,0)3 = V^V.^V^WVaV^^, and G,x = 
dGi/dX. This theory was originally discovered by Horn- 
deski [2J] in a different form, and rediscovered by Def- 
fayet et al. [25| in the present form, whose equivalence to 
the original theory was first shown in [2l|. 

For a homogeneous and isotropic cosmological back- 
ground, ds^ = -dt^ -I- a^(i)dx^, (j> = (j>{t), the {tt) com- 
ponent of the gravitational field equations reads 



E^^^O' 



(9) 



j=2 



where 



£2 = 

£3 = 

£4 = 

f 5 - 



2XKx - K, (10) 

6X^HG3x - 2XG30, (11) 
-6H'^G4 + 2AH^X{Gix + XGixx) 

-12HX^G4^x - 6H^G4^, (12) 
2H^X^{5G5x + 2XG5xx) 

-QH^X (3G50 + 2XG54>x) , (13) 



with H = a/ a = dlna/dt. This corresponds to the Fried- 
mann equation, which can be easily verified by substitut- 
ing G4 = Mpj/2 =const, and G3 = = G5 into the above 



equations. The scalar-field equation of motion is given by 
1 d 



a^dt 



(aV) = P^, 



(14) 



where 



J = 



^4<f>X 



and 



cj^Kx + GHXGsx - 20G3^ 

+6ij2(/) {Gix + 2XGixx) - 12HXG4 

+2i?3x(3G5x + 2XG5xx) 

-GH^iG^^ + XG^^x), (15) 



~ Kef, — 2X f Ga^^ + 0G30X j 

+6 (2H^ + h] G44, + 6H i X + 2HX] G 



4<t>X 



-m^XG^^^ + 2H'^X^G5^x. 



(16) 



The space-space component of the gravitational field 
equations is not independent of the generalized Fried- 
mann and scalar-field equations. 

Although the generalized G-inflation covers all the 
possible single-field inflation models including the ones 
driven by (/)'s kinetic energy, since we are interested in 
potential-driven inflation here, we focus on its subclass 
for which each function in the Lagrangian can be Taylor- 
expanded in terms of X as 



K{(I),X) = -V{(t>)+IC{(l>)X + 
G,{<P,X) = g,{ct)) + h,{<^)X + ■ ■ 



(17) 
(18) 



Hereafter, we will neglect all the higher order terms in X. 
Using this Taylor-expanded form, one can handle a vast 
class of potential-driven inflation models while avoiding 
the situation where the equations are too general to tell 
anything concrete. 

We note here the following identities: 



53(0)00 
g5(0)G^''V^V,0 



2g^X + (t.d.), 

^g'^[XR+{U4^f 

+ig'^XU^-2g: 



(19) 
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i'x' 



(V^V,0)2] 

■ + (t.d.), (20) 



where a prime denotes differentiation with respect to 4> 
and (t.d.) represents total derivative terms. These iden- 
tities allow us to set 53 = = 55 without loss of general- 
ity. In particular, the derivative coupling to the Einstein 
tensor in new Higgs inflation, G'"^ 9^0(9,^0, is obtained 
most straightforwardly from £5 = — ^G^'^V^Vi/C^, but 
that interaction can also be obtained equivalently from 
£4 = XR -t- (00)2 - (V^V^0)2. We choose to employ 
the latter expression for new Higgs inflation. Hereafter, 
we write 54 = 5. 

The four remedies of Higgs inflation proposed so far 
can be reproduced by adding the extra term A£ to the 
standard Lagrangian, Mp^R/2 + X — V^(0), where A£ is 



given respectively by 

AC = K(f>^"X (running kinetic inflation), (21) 







(22) 



AC = jT^Xacj} (Higgs G-inflation), 

AC = —-(f>^R (non-minimal Higgs inflation), (23) 



and 



AC = — [xi? + (n0)2-(v^v,0)2] 

(new Higgs inflation). 



(24) 



Here k and ^ are dimensionless constants, and M and fi 
are parameters having dimension of mass. All of those 
apparently different models can be treated in a unified 
manner by taking 



/C( 
.9(0 



1 + K0' 



M4' 
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V' 
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(25) 
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It is then natural to imagine the case with /i5(0) ^ 0,^ 
which would lead to yet another successful Higgs infla- 
tion model that has not been explored before. We call it 
running Einstein inflation, since it is supported by the 
change of the coefHcient of the Einstein tensor. 

In the following analysis, we will consider those all five 
possibilities of Higgs inflation on equal footing, by char- 
acterizing potential-driven inflation in terms of the five 
arbitrary functions of 0, /C,.g, /13, /14, /15, besides the po- 
tential V. 



III. GENERAL SLOW-ROLL DYNAMICS OF 
POTENTIAL-DRIVEN INFLATION 



In order to investigate the general slow-roll dynamics of 
potential-driven inflation including the variants of Higgs 
inflation, we assume the following slow-roll conditions, 

e:=-A«i, .:=-^«l, 5:=±-«l, 






Hh, 



<1 (i = 3,4,5). (30) 



^ The simplest example of hc,{4i) for Higgs inflation is hc^l^if) = 
(/)/A^ with A being some cutoff scale. Note also that, in order to 
guarantee the gauge invariance of the Higgs doublet, the power 
of (f> in K,g and ^4 must be even, while that in ha and /15 must 
be odd. 



We also assume that 6/H5,a.i/Hai <^ 1 [i ~ 2,3,4,5). 
It is then found that 



J ~ /C0 + 3/i3ifr + QhiH^cf) + ihzH^'(t)\ (31) 

and the slow-roU equation of motion for the infiaton is 
given by 



iHJ ~ -V + 12H^g'. 



(32) 



This is the generahzed slow-roU equation of motion for (/), 
where we can see how each term in Eq. (|3ip modifies the 
structure of the friction term. We can also see that the 
nonminimal coupling in g changes effectively the slope of 
the potential. 

We are considering potential-dominated inflation, so 
that V 2> 0{(j)J). Then, the gravitational field equations 
read 



(33) 

(34) 



-4:gH + 2g'(j)H ~ (/)J. 



The second equation can be derived from Eqs. ((32)) 
and (|55)) . or more directly from the space-space compo- 
nent of the gravitational field equations. From the Fried- 
mann equation psp one can see that 2g may be regarded 
as an effective Planck mass squared. We should only con- 
sider the domain g > [l^, which is always satisfied in 
the nonminimal Higgs inflation model since it adopts a 
large and negative ^. Using Eq. ([33)) . one can remove H 
from the right hand side of Eq. (|5^ to give 



3FJ^-g^(Jl 



-C/'(0). 



(35) 



The effective potential U coincides with that introduced 
in Refs. [2Q| to derive the slow-roll conditions in the 
Jordan frame. 
Let us define 



u(0) ~IC + 



hiV 

1 

9 



w(0) := h3 + 



6g 



(36) 



Note that u and v are functions of only and arc de- 
termined completely through the functions in the La- 
grangian. Among the six functions of (j) in the La- 
grangian, the above particular combinations u(0) and 
v{(f>) are crucial for the slow-roll dynamics and the spec- 
tra of primordial fluctuations. In terms of u and v, J can 
be written as 



J = u(j) + 6HXv. 



(37) 



Plugging this expression into Eq. ()35p and solving for 0, 
we get 



3H(j> ~ — (-U + \/u'^ - AU'v 
2v V 



(38) 



Comparing this with the original equation p5|) . we find 

J _ 1 

6^2 



Cu + yjv? - ^V'^ =: W{(j)). (39) 



We require u'^-AU'v > so that Eqs. ([38]) and (|39]) make 
sense. In addition, it may be reasonable to assume that 
u > 0. We then have < u/W < 2. The consequences of 
this inequality will be discussed further in relation to the 
stability against linear perturbations in the next section. 
Combining Eqs. (|33)) and ([38]), we arrive at 



-2 



gu' 



(40) 



where A/" := Ina is the number of e-folds. Note that the 
right hand side is expressed solely in terms of (j) and re- 
duces to — MpjF'/F in the case of the standard canonical 
field. In general slow-roll inflation, the effective potential 
slope 2gU' /VW governs the motion of (j) rather than the 
"bare" one Mp-^V' /V. For instance, slow roll of (p is pos- 
sible even in a steep potential if M^ ^ 1. Equation ([40)) 
can be used to evaluate the number of e-folds until the 
end of inflation. 

Using Eq. ([40)) . each slow- roll parameter can be ex- 
pressed in terms of the 0-depcndent functions as 



s ~ 


2^ 

wv 


(41) 


e ~ 


g (u'V 5 

W \V J ^ 2' 


(42) 


j 
HJ 


g U" 


(43) 


Ui ~ 


^gU'K 


(44) 



Note that Eq. ([32), together with g > Q and W > Q, 



+ (5/2>G. 



(45) 



The ratio 4>J/V can be expressed in terms of the slow- 
roll parameters as 



0J 



r 



-S < 1. 

o 



(46) 



From this, the initial assumption that the potential is 
dominant in the Friedmann equation is found to be con- 
sistent. 

It is instructive here to demonstrate the extreme case 
where only /15 is nontrivial corresponding to the running 
Einstein inflation model we are proposing in this paper. 
In this case U' ^ V , u ^ 1, and v = h.,{<p)V{(f>)/3M^i. 
Noting that e = e^td/W, where e,td := iM^i/2){V' /V)^ 
is the standard slow-roll parameter defined in terms of 
the potential, we see that infiation proceeds even with 
a steep potential provided W ^ 1. This occurs in the 
domain where |/i5yy/A/|[| ::|> 1 is satisfied. 



IV. COSMOLOGICAL PERTURBATIONS IN 
GENERALIZED HIGGS INFLATION 

In this section, we study cosmological perturbations 
in generalized Higgs infiation and present useful formu- 



las for the spectra of tensor and scalar perturbations. 
A generic formulation of cosmological perturbations in 
the most general single-field inflation model was already 
given in Ref. (21|. For completeness, we begin with du- 
plicating the general formulas, and then illustrate how 
they can be applied to the potential-driven models. 



tensor mode does not coincide with that of light in gen- 
eral. Here, we have assumed that e := —H/H^ ~ const. 



/t:= 



J"t 



HTt 
and defined 



const, and gT '■= 



Gt 



const, (54) 



A. Generic formulation for linear perturbations 

It is convenient to write the perturbed metric in the 
Arnowitt-Deser-Misner form as 

ds2 = -N^df + 7y {dx' + N'dt) {dx^ + N^dt) , (47) 

where 

N^l + 6n, Ni^ diX, 

7,y = a2(i)e2« (s,j + h,j + -hikhkj j . (48) 

Here, Sn, x, and ^ are scalar perturbations and hij is a 
tensor perturbation satisfying ha = = hijj . We choose 
the unitary gauge in which (/)(t,x) = (j){t). Substituting 
the metric to the action and expanding it to second order 
in perturbations, we obtain the quadratic actions for the 
tensor and scalar perturbations. For the scalar perturba- 
tions, one may use the constraint equations to remove Sn 
and X to get the quadratic action in terms of the single 
variable (^. 

The quadratic action for the tensor perturbations is 
given by 



q(2) _ 1 



dtd^x a^ 



Grhi^ - ^{Vh. 



where 



-Ft := 2 G4 - X UG 



'r>x 



G 



50 



Gt 



G4 — 2XGax — X I HcpG^x ~ G, 



'50 



(49) 



(50) 
.(51) 



The squared sound speed is given by c^ = TtJGt- It 
is manifest from the action (^^ that ghost and gradient 
instabilities are avoided provided that 



Tt > 0, Gt> 0. 



(52) 



Following the standard quantization procedure, the 
power spectrum of the primordial tensor perturbations 
is found to be 



'Pt = 87T 



G\l^ H' 



jr3/2 47r2 



(53) 



tid horizon exit 



where 7t = 22---3|r(j.T)/r(3/2)|2(l -6-/^/2 + 3^/2). 
We emphasize that the power spectrum is evaluated at 
sound horizon exit, because the propagation speed of the 



l^T 



9T 



2 - 2e - /t + ffT ■ 
The tensor spectral tilt is evaluated as 

riT = 3 — 2vt. 



(55) 



(56) 



On the other hand, the quadratic action for the scalar 
perturbations is given by 



(57) 



where 



c(2) 


= / dtd^xa^ 


Gst'-^iyc? 




-^■-lU^^r)-^r, 




Gs - Q,( 


It + '^Gti 



(58) 
(59) 



and S and are defined as 



S := XKx + IX^Kxx + UHcjyXGsx 



e 



+6H^X^G3xx - 2XG30 - 2X2G30J, - 6H^G4 
H^ {7XG4X + mX^Gixx + iX^Gixxx) 



—H(j) (G40 -1- hXGi^x + 2X Gucfixx) 

+30H^<j)XG5x + 26H^X'^G5xx 
+AH^X^G,xxx - 6F2x(6G50 
+9XG5^x + 2X G^^xx), 
~(j)XG3x + 2HGi - SHXGix 
-SHX^Gixx + 0G40 + 2X^Gi^x 
-H^ {5XG5X + 2X^G5xx) 
+2HX (3G50 -I- 2XG5^x) ■ 



(60) 



(61) 



The squared sound speed of the curvature perturba- 
tions is given by c| = J^s/Gs, and ghost and gradient 
instabilities are avoided provided that the following con- 
ditions are satisfied: 



-Fs > Gs>0. 



(62) 



As is the case of the tensor perturbations, the power spec- 
trum of the scalar perturbations can be easily computed 
as 



Vc 



7s G, 



1/2 



H^ 



2 7r3/2 4,^2 



(63) 



sound horizon exit 



where 7S = 22''s-3|r(jy5)/r(3/2)|2(l - e- /s/2 + 5s/2). and its tilt is 
Note that the (sound) horizon crossing time for ( is dif- 
ferent from that for hij in gcncraL Wc have assumed 
that e ~ const, 



fs 



J's 



and also define 



const, gs 



Qs 

HGs 



const. 



9 s 



2-2e-fs + gs ' 
The scalar spectral index is computed as 

71s — 1 = 3 — 2i^s. 



(64) 



(65) 



(66) 



Primordial perturbations in generalized Higgs 
inflation 



Now we are in a position to derive concise and useful 
formulas for tensor and scalar fluctuations in general- 
ized Higgs inflation. The four important functions in the 
quadratic actions are evaluated as 



J^T ~Gt ~ 2g, 



and 



Gs 



X 

X 



4<j)X 

? 

H 

6<pX 

? 

H 



It is convenient to rewrite J-'s and ^^5 as 



(67) 

(68) 
(69) 

(70) 
(71) 



where we used Eqs. dM)), §7}, ^, and ge]). We see 
that J^T, Gt > since we are assuming that the effective 
Planck mass squared g is positive. It should be noted 
that Ts > and ^^5 > are also guaranteed by the 
inequalities e + 5/2 > and u/W < 2 which wc discussed 
in the previous section. The sound speed squared is given 
by 



Ts 



(2e + ,5) (4 



W 



Gs ^ gi2e + S){2- — 



4 -u/W 
3{2-u/W)' 



(72) 



We see that 2/3 < c^ < 00, though the superluminal 
propagation leads to the absence of the Lorentz invariant 
UV completion f^ZJ . 

The tensor power spectrum is simply given by 



Vt 



■n'^g 



V 
Gir'^g'^ 



(73) 



riT 



-2e - S. 



(74) 



From (j45p we find it is always negative in the potential- 
driven models under consideration, although the blue 
tensor spectrum is possible in kinetically driven G- 
inflation [y]. 

The power spectrum of the curvature perturbations is 
expressed as 



n 



V3 V {2-u/Wy/^ 

167r2c,2(2e + J)(4_u/p7)3/2^ 

and the spectral index is 



(75) 



+2 



Ae + rj 
gU' 



VW 



J 

in 

1 (u/W)' 

2 (2 - u/W) ^ 2 (4 - u/W) 



3 (u/W)' 



(.76) 



Thus, the tensor-to-scalar ratio is given by 

8 (4 - u/VK)3/2 



riT 



3V3(2-u/iy)i/2 
~iA-u/W)^/^c,nT. 



(77) 



It is interesting to note that the tensor-to-scalar ratio is 
enhanced if the inflaton trajectory satisfies u/W « 2, 
i.e., u2 sa iU'v. 

Let us then consider two extreme cases where 



J ~ u(h and J ~ 6HXv. 



(78) 



The former corresponds to u c^ W, which is the case in 
running kinetic inflation and new Higgs inflation, and the 
latter to u ^ W, which is the case in Higgs G-inflation 
and running Einstein inflation. In both limiting cases we 
have J-s,Gs on {<f)/ H'^)J, so that 



1 



-4e + 1] 



J 

lu' 



If J ~ u4>, the power spectrum is simplified to 



487r252 2e + S' 
In this case 77 and J/HJ are related via 



V 



2gU' u' 

vWH 



J 
llJ' 



(79) 



(80) 



(81) 



Using this relation and Eq. (j43p . one can eliminate 77 in 
Eq. ([79]) to express Us — 1 in terms of the (/)-dependent 
functions only. The consistency relation is nothing but 
the standard one: 
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On the other hand, if J ~ 6HXv then the power spec- 
trum reduces to 
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In this case rj and J/HJ are related via 
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which allows us to write n^ — 1 in terms of the (jj- 
dependent functions only. The consistency relation is 
given by the nonstandard one: 



32V^ 
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C. Non-Gaussianity 



(85) 



scale of inflation. In fact, according to [23|, for the mass 
range of the SM Higgs particle favored by the recent LHC 
result [U, Ql the parameter region where the Higgs quar- 
tic coupling is positive and stable up to the inflationary 
scale is disfavored'^, which might make all the Higgs in- 
flation models difficult or even impossible. However, as 
already pointed out by the authors of Rcf. [23 , there are 
still theoretical uncertainties on the beta functions and 
experimental errors on the top and the Higgs masses, 
which make the conclusion indecisive. In addition, the 
presence of higher order derivatives and the coupling to 
the Einstein tensor may alter the results in the context 
of generalized Higgs inflation. Therefore, proper analy- 
sis must be performed in the framework of generalized 
G-inflation, which may well improve the situation.^ We 
plan to study this issue by the time the discovery of the 
Higgs particle is confirmed and its mass is fixed. After 
completion of this study, we can answer the question of 
whether inflation can be explained within the SM or not^. 



As with conventional potential-driven inflation models 
we expect small non-Gaussianity in the models at hand. 
It is explicitly computed in the Appendix. In the limit 
u ^ H(f)v, it turns out that the equilateral /nl is slow- 
roll suppressed. In the opposite limit, u <IC Hc/jv, we 
find that the leading contribution is independent of the 
slow-roll parameters: 
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However, in the special case u/W « 2 we have c^ ^ 1. 
In this case /nl can be as large as 



/nl 



81 



-d > 1. 



(87) 



This happens if u « —GHcjjv. 



V. DISCUSSION 
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We have presented a unified treatment of Higgs infia- 
tion models in the context of the most general single-field 
inflation model with second-order equations of motion, 
the generalized G-inflation, in which all existing Higgs 
inflation models can be accommodated. This unifled ap- 
proach also enabled us to find yet another class of Higgs 
inflation models, running Einstein inflation. Including 
this newly proposed model, we have studied flve Higgs in- 
flation models on the same footing. Formulas for primor- 
dial fluctuations of the generalized Higgs inflation were 
given, which would be quite useful to discuss and dis- 
criminate the model from observations and experiments 
in the near future such as the LHC and Planck satellite. 

Although our analysis is applicable to a wide class of 
potential-driven inflation models besides the SM Higgs 
inflation, as for the relevance to the latter, it is impor- 
tant to analyze the stability of the theory at the energy 



^ The possibility that the Higgs quartic coupling and its beta 

function vanish at the Planck scale has also been discussed in 

Ref. m. 
^ It is known that the introduction of additional degrees of freedom 

relaxes the constraints 1301 . 
^ Possible extensions of the SM accommodating Higgs inflationary 

scenarios are discussed in Ref. [3ll. 



Appendix A: Bispectrum 



defined as 



In this appendix, we present the explicit formula for (CkiCkaCkg) = (27r)^(5(ki + k2 + k3)i?(;(fci, fc2, fca). (Al) 

the bispectrum in general potential-driven slow-roll in- 
flation. The bispectrum of the curvature perturbation is Following the result of Refs. |32h34| . we find 
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where .K := /ci + A:2 + ^3, each coefficient Ci is given by It is found that 
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for Cj = C(l)- However, one of the coefficients can be as 
large as Ci -■ c^ > 1 for u/W w 2. 

Taking the equilateral configuration, fci = fc2 = ^3, the 
nonlinearity parameter /nl is given by 



and we have neglected the slow-roll suppressed contribu- 
tions. Here, we have also used the relations. 



Ts^2ge + g5+'^v, (A7) 
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